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OSCILLATOR FREQUENCY CONTROL 

TECHNICAL FIELD OF THE INVENTION 

5 The present Invention generally relates to the field of portable electronic devices and more 
particularly to a method and devices for the control of the frequency of a frequency source. 

DESCRIPTION OF RELATED ART 

10 Cellular phones Include local oscillators for generating frequencies. These frequencies are 
used for among other things clocking of circuits within the phone. 

It is well known that these oscillators are not exact In operation, but there is often a drift 
of the frequency generated because of among other things temperature variations and 

15 ageing of the oscillator. Because the frequency is less exact, there Is a need for adjusting 
or controlling the frequency so that it is stable. There exist control schemes for adjusting 
the frequency based on the temperature of the oscillator. The temperature compensation 
schemes based on temperature are normally based on static conditions. Different parts of 
a phone can however have different temperatures, which results In that the temperature 

20 compensation is less accurate than when used in the static condition. 

It is furthermore known to use the carrier wave that a base station communicating with a 
phone is using for transmission of signals as a reference frequency for the oscillator. The 
frequency of the oscillator Is then adjusted to the reference frequency by a simple control 

25 unit in the phone. However, there Is one problem with this adjustment and that is that the 
phone can lose connection with the base station. Then there is no contact with the 
reference frequency, with a consequent possible drift of the oscillator frequency. In the 
GSM specification there are furthermore certain frequency and timing drift limits that are 
not allowed to be exceeded during temporary loss of connection with a base station. Such 

30 loss can under normal circumstances be in the order of 1 to 2 minutes. This requirement 
can be hard to live . up to If the drift is not compensated for also during loss of connection. 

us S,li3,-*16 descrides a system for adjusting the frequency of transmission between a 
base station and a mobile station. The mobile station here detects the frequency of the 
3S signal received from the base station, determines whether the signal was received from 
the current base station and adjusts the output signal of a local crystal-controlled 
reference oscillator in accordance with the difference between the frequency of the output 
signal and the frequency of tne received signal. This document therefore describes normal 
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adjusting of frequency when contact Is upheld with a base station. The document does not 
mention loss of connection with a base station 



US 5,172,075 describes how a frequency source in a remote unit is controlled to maintain 
5 a stable frequency. In normal operation the frequency source is locked to an external 
reference frequency. In the absence of the reference frequency, the temperature of the 
frequency source Is detected. Stored Information relating to control signals is used to 
generate a control signal for controlling the output frequency of the frequency source. This 
document thus describes controlling of an oscillator in a portable electronic device, when 

10 there is no contact with a base station. The document also mentions that In one' case the 
current temperature and the last control signal used for controlling the oscillator are used 
for calculating further control signals. The document Is generally directed towards 
providing control of the oscillator frequency when there are long times of disconnection of 
the phone from the base station. An example given is in the order of several days. It 

15 furthermore uses the temperature of the oscillator to calculate control values and therefore 
needs to have a temperature sensor. Temperature sensors add to the costs of a device and 
also occupy more space, both of which are important to keep down In the field of cellular 
phones. 

20 There is thus a need for a simpler way of controlling the frequency of an oscijlator in a 
portable electronic device during temporary loss of connection with a base station. 

SUMMARY OF THE INVENTION 

25 The present Invention is therefore directed towards solving the problem of providing a 
simple and cost-efftcent controlling of the frequency of a frequency source in a portable 
electronic device during temporary loss of communication with a reference frequency 
generator. 

30 This problem is generally solved by calculating a rate of change value using the last used 
control value and at least the one control value immediately preceding the last control 
value used when contact was upheld with the reference source, and thereafter using this 
calculated rate of change value during temporary loss of communication. 

35 One object of the present invention is thus to provide a portable electronic device having 
simple and cost-effective Implementation for controlling the frequency of a frequency 
source included In the portable electronic device during temporary loss of communication 
with a reference frequency generator. 
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3 

According to a first aspect of the present Invention, this object is achieved by a portable 
electronic device arranged to be communicating with a reference frequency generator and 
comprising: 

a receiving unit receiving a reference frequency, 
S a frequency source generating a frequency of the device, and 

at least one control unit arranged to: 

in case of contact with the reference frequency generator: 

supply a new control value to the frequency source, said value being 
determined by the frequency source frequency and the reference 
10 frequency, and 

calculate a rate of change value at least based on the new and a 
previous .control value, 
in case of no contact with the reference generator: 

calculate a new control value based on the rate of change value and 
15 the last used control value, and 

supply the new control value to the frequency source for controlling 
it. 

A second aspect of the present invention Includes the features of the first aspect, further 
20 comprising a detecting unit, detecting If the device is In contact with the reference 
frequency generator or If contact Is lost. 

A third aspect of the present invention includes the features of the first aspect, further 
comprising a control value store at least Including the last used control value and a change 
25 of rate store at least including the rate of change associated with the last used control 
value. 

A fourth aspect of the present invention includes the features of the first aspect, wherein 
there is a first control unit arranged to control the frequency source in case of contact with 
30 the reference frequency generator and a second control unit arranged to control the 
frequency source in case of no contact with the reference frequency generator. 

A fifth aspect of the present invention Includes the features of the fourth aspect, further 
comprising a switch arranged to connect the first control unit with the frequency source in 
35 case the detecting unit detects connection and to connect the second control unit with the 
frequency source in case it does not. 

A sixth aspect of the present invention includes the features of the first aspect, further 
including a timer starting In case contact is lost with the reference frequency generator, 



Empf.zeit 121/1 1/2002 09:41 



Empf .nr.: 700 P. 014 



PROG NR. 346 21.11. '02 10:39 I D : STRoTTSGULL I KSSON STHLH FfiX:+46 3 54549349 



SI DP 
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wherein the control unit controlling the frequency source In case of no contact with the 
reference frequency generator is arranged to stop using the rate of change information if 
the counter reaches a predetermined value. 

5 A seventh aspect of the present invention Includes the features of the sixth aspect, 

wherein the timer is reset if contact with the reference frequency generator is established 
after being lost. 

An eighth aspect of the present invention includes the features of the sixth aspect, wherein 
10 the predetermined value is dependent on the rate of change information. This has the 
advantage of stopping using rate of change values, when these are no longer reliable. 

a ninth aspect of the present invention includes the features of the eighth aspect, wherein 
the predetermined value Is high if the rate of change Is low and is low if the rate of change 
15 is high. 

A tenth aspect of the present Invention includes the features of the first aspect, wherein it 
is a mobiie phone and the reference frequency generator is a base station. 

20 Another object of the present invention is directed towards providing a control device for a 
frequency source having simple and cost-effective implementation for controlling the 
frequency of the frequency source during temporary loss of communication with a 
reference frequency generator. 

25 According to an eleventh aspect of the present invention, this object is achieved by a 
control device for a frequency source using an external reference frequency generator, 
arranged to: 

in case of contact with the reference frequency generator: 

supply a new control value to the frequency source, said value being 
30 determined by the frequency source frequency and the reference 

frequency, and 

calculate a rate of change value at least based on the new and a 
previous control value, 
in case of no contact with the reference generator: 
35 calculate a new control value based on the rate of change value and 

the last used control value, and 

supply the new control value to the frequency source for controlling 

it. 
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Another object of the present invention is to provide a method of controlling a frequency 
source that is simple and cost-effective to implement for controlling the frequency of the 
frequency source during temporary loss of communication with a reference frequency 
generator. 

5 

According to a twelfth aspect of the present invention, this object Is achieved by a method 
of regulating a frequency source in a portable electronic device, comprising the steps of: 

in case of reception of a reference frequency from an external reference 

frequency generator: 

1° supplying a new control value to the frequency source, said value 

being determined by the frequency source frequency and the 
reference frequency, and 

calculating a rate of change value at least based on the new and a 
previous control value, 
15 in case of no reception of reference frequency signals from the external 

reference frequency generator, 

calculating a new control value based on the,rate of changed value and the 
last used control value, and 

supplying the new control value to the frequency source for controlling it. 

20 

A thirteenth aspect of the present invention includes the features of the twelfth aspect, 
further comprising the step of detecting reception or no reception of reference frequency 
signals. 

25 A fourteenth aspect of the present invention includes the features of the twelfth aspect, 
further comprising the step of storing the supplied control value and in case of reception of 
reference frequency signals from the external reference frequency generator also the rate 
of change value. 

30 A fifteenth aspect of the present invention includes the features of the twelfth aspect, 
further including the steps of: in case of no reception of reference frequency signals from 
the external reference frequency generator: counting the time during which no reference 
frequency signals are received and stopping calculating new control values if the time 
reaches a preset time limit. 

35 

A sixteenth aspect of the present invention includes the features of the fifteenth aspect, 
further Including the step of resecting the time if reference frequency signals are received 
again. 
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A seventeenth aspect of the present invention includes the features of the fifteenth aspect, 
wherein the predetermined value is dependent on the rate of change value. 

An eighteenth aspect of the present invention Includes the features of the seventeenth 
5 aspect, wherein the predetermined value is high if the rate of change value is low and Is 
low if the rate of change value, is high. 

The present invention has many advantages. It is simple and easy to implement. It does 
not use any complicated or uncertain calculations of how the state of the device effects the 
10 frequency drift, like temperature, ageing and applied voltage. It fulfils the GSM 

requirements on limits of timing and frequency drift during a temporary loss of connection 
to a base station. It is cost-effective. Since it is based on controlling the frequency by the 
frequency from the reference frequency generator, which is already used in many portable 
electronic devices, it only requires small modifications of the device. 

15 

It should be emphasized that the term "comprises/comprising" when used in this 
specification is taken to specify the presence of stated features, integers, steps or 
components, but does not preclude the presence or addition of one or more other features, 
integers, steps, components or groups thereof. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described in more detail in relation to the enclosed 
drawings, in which: 

25 

fig. 1 schematically shows a cellular phone communicating with a base station, 
fig. 2 schematically shows a top view of the phone according to the invention, 
fig. 3 shows a block schematic of the relevant parts of the phone according to a first 
embodiment of the invention, 
30 fig. 4 shows a flow chart for performing the method according to the invention, and 
fig. 5 shows a block schematic of the relevant parts of the phone according to a second 
embodiment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

35 

The present invention relates to portable electronic device having a local frequency source. 
The portable electronic device according to the invention will in the following be described 
in relation to a cellular phone in a cellular network. This is just one example of a device 
'•• according to the invention. It can also be a portable electronic device such as a lap top 
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computer, a palm top computer, an electronic organizer, a smartphone or a communicator, 
as long as they can be connected to an external reference frequency generator. This can 
in the case of a lap top computer take place by using a PC-card or a similar device 
connected to the computer for communication with a cellular network. 

5 

Fig. 1 schematically shows a phone 10 according to the invention. The phone 
communicates with a base station 12 of a cellular network. During this communication 
both the phone and the base station modulate transmitted signals on a carrier wave. The 
base station 12 is thus equipped with a frequency generator, generating the frequency of 
10 the carrier wave. The phone 10 uses this carrier wave as a reference frequency for it's 
internal local frequency source, the details of which, will be described in more detail later 
on. The base station 12 thus includes a reference frequency generator, for the phone 10. 

Fig. 2 shows a phone according to the Invention. The phone 10 includes a display 14, a 
15 keypad 16 and an antenna 18 protruding from the body of the phone, which is used for 
communication with the base station. It should be realised that the antenna can, as an 
alternative, be in-bullt. 

Fig. 3 shows a block schematic of the relevant parts of the phone 10 according to a first 

20 embodiment of the present invention. The device includes a receiver 20 connected to the 
antenna (not shown). The receiver 20 is connected to a first control unit 24 as well as to a 
detecting unit 32. The first control unit 24 Is connected to a control value store 26 and to a 
change of rate store 28. A second control unit 30 is also connected to the control value 
store 26 and to the change of rate store 28. The second control unit 30 Is also connected 

25 to a timer 35. The detecting unit 32 controls a switch 34 via a control signal. The detection 
unit 32 also supplies the control signal to the first and the second control units 24 and 30 
as well as to the timer 35, The supply of this control signal Is Indicated with dashed lines in 
the figure. The switch 34 is connected to a control input of the local frequency source 22, 
which in the preferred embodiment is a local frequency oscillator. The switch 34 is 

30 switchable between two positions, a first connecting the control Input of the oscillator 22 
with the first control unit 24 and a second connecting the control Input of the oscillator 22 
with the second control unit 30. The oscillator 22 also has an output providing an output 
frequency, to which output the first control unit 24 is also connected. The frequency of the 
local oscillator 22 Is used In the phone for a number of things, where perhaps the most 

35 important one is as a base for providing clocking signals used for the different parts of the 
phone. 

The way the present invention operates will now be described with further reference to fig. 
4, which shows a flow chart of the method according to ehe Invention. The receiver 20 
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receives information modulated onto a carrier wave. The Information is demodulated in the 
receiver 20 according to known principles and used in normal fashion in the phone. This is 
not a real part of the invention and is therefore not shown in the drawings and described 
further. The receiver 20 does however extract Che frequency of the carrier wave for use as 
5 a reference frequency signal In order to control the local oscillator 22. This frequency is 
supplied to the first control unit 24. The presence of this frequency Is also detected by the 
detecting unit 32 and used for providing the control signal switching the switch 34 to 
connect the control Input of the oscillator 22 to the first control unit 24. The control signal 
of the detection unit 32 is also used for enabling the first control unit 24 and disabling the 

10 second control unit 30. The method Is therefore started by the reception of the carrier 
wave in the first control unit 24, step 36. Thus, if there is a reference frequency signal 
present, step 38, the first control unit 24 is activated for control of the oscillator 22. In 
order to perform this controlling, the first control unit 24 receives the output signal of the 
local oscillator 22, i.e. the frequency to be controlled or actual frequency, and the received 

IS reference frequency and calculates a new control value based on these, step 40. The new 
control value is in its simplest form calculated by Inputting the difference between the local 
oscillator frequency and the reference frequency. As an alternative this control can include 
an amplification of the difference. More complex ways of controlling the oscillator might be 
used, although it is preferred to keep it as simple as possible. Because of this control 

20 value, the oscillator 22 adjusts Its frequency so that it is set equal to the reference 

frequency. The reason for the need to adjust the oscillator frequency is that It experiences 
drift, which can be because of varying temperature or because of ageing of the oscillator. 
The temperature can be varying because of changes in the environmental temperature of 
the phone and as a result of internal power dissipation. The first control unit 24 then 

25 calculates a rate of change value associated with the new control value, step 44. This Is in 
it's simplest version done by dividing the difference between the just used control value 
and a just previously used control value with the time interval between the values, i.e. 
calculating a derivative. More complex ways of calculating rate of change are also possible, 
like taking into account more previous control values. The most recently used control 

30 value is then stored in the control value store 26 and the rate of change value is stored in 
the rate of change store 28, step 46. These steps are then repeated for as long as there is 
a connection between the phone and the base station. In the preferred embodiment, the 
stares 26 and 28 only store one control value and one rate of change value at a time, 
where a new value replaces an earlier value. It is however possible to have more values 

35 stored such that the stores will include several earlier control values and several earlier 
rate of change values. These could then be used for more complex calculations of rate of 
change. 
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If contact is then temporarily lost with the base station the receiver 20 will not receive a 
reference frequency, step 38. No reference frequency is then output to the first control unit 
24. The detecting unit 32 detects the absence of reference frequency and will then provide 
a control signal disabling the first control unit 24, enabling the second control unit 30 as 
well as switching the switch 34 to connect the second control unit 30 with the control Input 
of the oscillator 22. Therefore the second control unit 30 will now start operating instead of 
the first control unit 24. The second control unit 30 then takes the last used control value 
stored in control value store 26 and the last calculated rate of change value stored in rate 
of change store 28 and calculates a new control value, step 48. The new control value is 
then supplied to the oscillator 22 for correction of its frequency, step 50. Thereafter the 
used control value is stored in the control value store 26, step 52. Note that no more rate 
of change values are calculated In this embodiment, but the same rate of change value is 
used for all new control values calculated during the time when no reference frequency 
signal is received. This is done under the assumption that the drift is linear, which 
assumption greatly simplifies the device. The above-mentioned calculations then continue 
to be made as long as there is no reference frequency available. It is possible that a more 
complex way of calculating rate of change is used, which uses several previous control 
values and interpolation for providing future rate of change values. 

20 The thus described scheme provides a cost-effective and simple control of the local 

oscillator. This Is especially the case since the controlling of the oscillator using the base 
station frequency Is already used In known phones, with these schemes no real account is 
taken for the reason of the drift of the oscillator. The system Just notes that there is a 
drift, how big it is and how it Is changing by calculating rate of change and then applying 

25 this knowledge when no reference signal exists. There Is no need for expensive or 

complicated temperature measurements or complicated models of how oscillators age or 
how frequencies change with temperature. This solution therefore works well when contact 
is temporarily lost with a base station, where the time of tost contact for example Is In the 
region of a half to one minute. 

30 

The described method can be modified. The time the second control unit 30 can use the 
same rate of change value for calculating new control values Is limited. If the rate of 
change is high, this time is short, but if it is low, it can be used for a longer time. The 
timer 35 therefore receives the control signal from the detecting unit 32. This timer 35 
35 starts counting when no reference frequency is available and continues counting until one 
of two things happens. Either a reference frequency signal is received, which resets the 
timer 35 or the timer 35 reaches a predetermined value. The second control unit 30 
continuously checks the status of the timer and when it reaches the predetermined value, 
the second control unit 30 stops calculating new control values and uses the same one all 
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the time. The predetermined vaiue can be set to different levels depending on how high 
the rate of change vaiue Is. If it is a high value, the predetermined value is low and if it is 
a low value the predetermined value is high. 

5 The detecting unit, the two control units the switch, the timer and the two stores make up 
a control device for the oscillator. 

There are many variations that can be made to the Invention. The frequency of the carrier 
way does not have to exactly correspond to the desired frequency of the oscillator. It can 

10 be different, but then the correct reference frequency is obtained by dividing or multiplying 
the frequency of the carrier wave. It is furthermore not necessary to have two control 
units. It is equally as well possible to have just one, which Is shown in fig. 5 showing a 
block schematic of the relevant parts of the phone according to a second embodiment of 
the invention. Here the one control unit takes care of both phases 'of controlling, i.e. in 

15 case there is a reference frequency present and in case there Is- no such frequency present 
and changes mode of operation in dependence of control signal received from the 
detection unit 22. Therefore there is no switch. In the figure also the timer has been 
omitted. It should however be realised that It Is fully possible to include such a timer 
though. In all other respects the second embodiment is identical to the first and therefore 

20 the same reference numerals are used as In fig. 3. 

The receiving unit is in the case of a cellular phone provided in the form of the actual radio 
receiver. In case the device is a laptop or other similar device communicating with a radio 
network via a PC card or similar device, the receiving unit is just an interface towards the 
25 PC card, where the carrier wave is received. 

It is furthermore possible to vary the second embodiment even more. It is possible to 
include the detecting unit and the two stores in the sole control unit as well. 

30 The control units are preferably provided in the form of a processor cooperating with 

program code stored in a program memory. The invention Is therefore easy to implement 
in a phone by just adding some extra software, since some of It is already there. It also 
fulfils the requirements for limits on timing and frequency drift during loss of connection 
with a base station according to the GSM requirements. For these and other reasons the 

35 present invention is only to be limited by the following claims. 
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CLAIMS 

1. Portable electronic device (10) arranged to be communicating with a reference 
frequency generator (12) and comprising: 
5 a receiving unit (20) receiving a reference frequency, 

a frequency source (22) generating a frequency of the device, and 
at least one control unit (24, 30; 24) arranged to: 

in case of contact with the reference frequency generator: 

supply a new control value to the frequency source, said value being 
0 determined by the frequency source frequency and the reference 

frequency, and 

calculate a rate of change value at least based on the new and a 
previous control value, 
in case of no contact with the reference generator: 
5 calculate a new control value based on the rate of change value and 

the last used control value, and 

supply the new control value to the frequency source for controlling 

it. 

3 2. Portable electronic device according to claim 1, further comprising a detecting 

unit (32) detecting if the device is in contact with the reference frequency 
generator or If contact is lost. 

3. Portable electronic device according to claim 1 or 2, further comprising a 
5 control value store (26) at least including the last used control value and a 

change of rate store (28) at least including the rate of change associated with 
the last used control value. 



4. Portable electronic device according to any previous claim, wherein there Is a 
first control unit (24) arranged to control the frequency source in case of 
contact with the reference frequency generator and a second control unit (30) 
arranged to control the frequency source In case of no contact with the 
reference frequency generator. 

5. Portable electronic device according to claim 4, further comprising a switch (34) 
arranged to connect the first control unit (24) with the frequency source in case 
the detecting unit detects connection and to connect the second control unit 
(30) with the frequency source in case it does not. 
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6. Portable electronic device according to any previous claim, further including a 
timer (35) starting in case contact is lost with the reference frequency 
generator, wherein the control unit (30) controlling the frequency source in 
case of no contact with the reference frequency generator (22) Is arranged to 
stop using the rate of change information if the counter reaches a 
predetermined value. 

7. Portable electronic device according to claim 6, wherein the timer (35) Is reset 
if contact with the reference frequency generator is established after being lost. 

8. Portable electronic device according to claim 6 or 7, wherein the predetermined 
value is dependent on the rate of change information. 

9. Portable electronic device according to claim 8, wherein the predetermined 
value is high if the rate of change is low and is low if the rate of change Is high. 

10. Portable electronic device according to any previous claim, wherein it is a 
mobile phone and the reference frequency generator is a base station. 

11. Control device (24, 26, 28, 30, 32, 34, 35; 24, 26, 28, 32) for a frequency 
source (22) using an external reference frequency generator (12), arranged to: 

in case of contact with the reference frequency generator (22) : 

supply a new control value to the frequency source, said value. being 
determined by the frequency source frequency and the reference 
frequency, and 

calculate a rate of change value at least based on the new and a 
previous control value, 
in case of no contact with the reference generator: 

calculate a new control value based on the rate of change value and 
the last used control value, and 

supply the new control value to the frequency source for controlling 

12. Method of regulating an frequency source In a portable electronic device, 
comprising the steps of: 

in case of reception of a reference frequency from an external reference 
frequency generator, (step 38): 
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supplying a new control value to the frequency source, (step 42) 
said value being determined by the frequency source frequency and 
the reference Frequency, (step 40), and 

calculating a rate of change value at least based on the new and a 
previous control value, (step 44), 



in case of no reception of reference frequency signals from the external 
reference frequency generator, (step 38): 

calculating a new control value based on the rate of changed value and the 

last used control value, (step 48), and 

supplying the new control value to the frequency source for controlling it, 
(step 52). 

13. Method according to claim 12, further comprising the step of detecting 
reception or no reception of reference frequency signals. 



14. Method according to claim 12 or 13, further comprising the step of storing the 
supplied control value, (steps 46, 52) and in case of reception of reference 
frequency signals from the external reference frequency generator also the rate 
of change value (step 46). 



15. Method according to any of claims 12 - 14, further including the steps of: in 
case of no reception of reference frequency signals from the external reference 
frequency generator: counting the time during which no reference frequency 
signals are received, and stopping calculating new control values if the time 



16. Method according to claim 15, further including the step of resetting the time if 
reference frequency signals are received again. 

17. Method according to claim 15 or 16, wherein the predetermined value is 
dependent on the rate of change value. 

18. Method according to claim 17, wherein the predetermined value is high if the 
rate of change value is low and is low if the rate of change value is high. 



15 



20 



25 



reaches a preset time limit. 



35 
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I 4 

ABSTRACT 

The present invention is directed towards a method and devices for regulating the 
frequency of a frequency source (22). A control unit (24) supplies a new control value to 
5 the frequency source, said value being determined by the frequency source frequency and 
the reference frequency, and calculates a rate of change value at least based on the new 
and a previous control value if there is contact with the reference frequency generator and 
storing these values in corresponding stores (26, 28). Another control unit (30) calculates 
a new control value based on the rate of change value from the rate of change store (28) 
10 and the last used control value from the control value store (26) and supplies the new 
control value to the frequency source (22) for controlling it, if there is no contact with the 
reference generator. 

Fig. 3 
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FIG. 2 
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FIG. 3 




FIG. 5 
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CALCULATE NEW CONTROL 
VALUE USING REFERENCE 
FREQUENCY AND ACTUAL 
FREQUENCY 



42. 



CALCULATE NEW 
CONTROL VALUE USING 
STORED CONTROL 
VALUE AND RATE OF 
CHANGE VALUE 



CORRECT OSCILLATOR 
FREQUENCY WITH NEW 
CONTROL VALUE 



CALCULATE RATE OF 
CHANGE VALUE 



46^ 



50 



CORRECT OSCILLATOR 
FREQUENCY WITH NEW 
CONTROL VALUE 



STORE USED CONTROL 
VALUE AND RATE OF 
CHANGE VALUE 



52 



STORE USED CONTROL 
VALUE 



FIG. 4 
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